Water is central to survival, without water human, plant and animal life would be impossible. Therefore supply of water has become one of the fundamental requirements of any society and the need to transfer water has generated the design of various forms of mechanical devices, which can be categorized as pumps.
INTRODUCTION
The basic principle of jet pump is the transfer of energy and momentum from one stream of fluid to another through a process of turbulent mixing inside the mixing tube.
The high pressure primary driving stream enters the suction chamber through nozzle with a high velocity. The increase of velocity and the resulting reduction in pressure at the nozzle exit causes the secondary driven fluid to flow into the mixing chamber.
In the mixing chamber the transfer of momentum from the supply stream to secondary stream takes place. The mixed fluid then passes through the diffuser in which a portion of velocity energy is converted into pressure energy.
PERFORMANCE PARAMETERS
The performance of a jet pump depends on turbulent mixing of supply and suction fluids. The mixing process and hence the performance of the jet pump is largely influenced by the following geometric parameters.
Area ratio (R)
2. Distance between the nozzle exit and mixing tube entry (S) 3. Mixing tube length (D L ) 4. Primary nozzle geometry 5. Suction nozzle geometry 6. Diffuser geometry 7. Number and arrangement of holes in the nozzle.
The working of the jet pump depends on the efficient turbulent mixing. At the entry to the mixing tube the velocity of the primary stream and the velocity of the secondary stream are different and non-uniform. The mixing tube will play the role of eliminating or at least minimizing the difference in velocity and the non-uniform distribution before the combined flow leaves the mixing tube. The length of mixing tube and its diameter decide the effectiveness of the mixing tube. These dimensions have a direct bearing on the performance of the jet pump.
The mixing is very effective at high velocities. This is achieved by a smaller mixing tube diameter. This velocity energy is being converted to pressure energy to reduce the loss of energy during subsequent flow i.e. in the diffuser which is located at the exit of the mixing tube. The velocity distribution at the mixing tube entry depends on the primary nozzle and secondary nozzle geometry. All these parameters are having an influence on the jet pump performance.
DEFINITION OF VARIOUS TERMS
The following parameters have been used extensively for describing the jet pump characteristics since they were first suggested by Gosline and O'Brien [1934] .
Area ratio (R)
It is the ratio of primary nozzle area to mixing tube throat area and is given by 
Discharge ratio (M)
It is the ratio between suction flow rate and primary flow rate of jet pump. It is the ratio between net jet pump head and net driving head of the jet pump. Jet pump supply head H 1 is given by 
Efficiency of jet pump (η)
It is defined as the ratio of energy increase of suction stream (output energy) to the energy decrease of driving stream (input energy). 
Therefore, Jet pump efficiency η is given by η=M X N
JET PUMP ANALYSIS
The performance of any machine can be predicted by means of theoretical investigations with proper assumptions, which will make the mathematical treatment of the analysis easy. These theoretical investigations may not predict the behavior truly along the complete course of action because of some assumptions but it estimates the effectiveness of the machine up to the required accuracy needed for design purposes.
PERFORMANCE CHARACTERISTICS
The performance of a jet pump is graphically represented by a.
Head ratio (N) as a function of Discharge ratio (M) b.
Efficiency (η) as a function of Discharge ratio (M)
The graphical representation of the efficiency and head ratio w.r.t. the discharge ratio is called the performance characteristics of the jet pump. The slope of the head ratio vs discharge ratio curve depends on the area ratio of the jet pump. In case of efficiency vs discharge ratio, the efficiency curve increases till a maximum and then it decreases.
MIXING TUBE DESIGN
The jet pump assembly available in the hydroturbomachines laboratory has facilities to change the various components of the jet pump. Different area ratios have to be achieved since it is the parameter of interest in this project work. Effect of change of area ratio on jet pump performance is to be obtained experimentally using different diameter mixing tubes. The design of mixing tube should match with the existing suction nozzle and diffuser. The procedure of finalizing the dimensions of the suction nozzle, mixing tube and diffuser is discussed in detail in the following sections.
EXISTING JET PUMP DETAILS
The major dimensions of the existing jet pump for an area ratio of 0. 
DESIGN CONSIDERATIONS
The dimensions of the existing jet pump assembly were kept in view during the design of new components. For each of the area ratio, different parameters like diameter and length of mixing tube, length of diffuser and the spacing between the primary nozzle exit to mixing tube entrance were calculated.
In the study of the effect of area ratio on the performance of jet pump, the annular area available between suction and primary nozzle should be the same for each of area ratio. To fulfill this criterion, a proper spacing between the nozzle exit to the mixing tube entrance to be found out. Table 1 shows the design dimensions for all the chosen area ratios. It may be noted that for these carry, mixing tube length and diffuser length are varying. When expressed non dimensionally mixing tube length as a ratio of mixing tube diameter from smaller area ratio (R<0.20) pump requires optimum mixing length of 7 to 10 times the diameter. This results in l d /l m also varying as different mixing tubes used. The selection of diffuser cone angle (β) was based on the work of Mueller (1964) who concluded that a diffuser angle of 10° yields the best efficiency. In this present work 'β' is taken as 10° and length of diffuser is calculated using diffuser cone angle, mixing tube diameter & delivery pipe diameter. 
TEST SETUP AND EXPERIMENTATION

DESCRIPTION OF THE TEST SETUP
The schematic layout of the setup showing the connecting lines along with the centrifugal pump is given in Fig.1 . The test setup was designed to determine the jet pump performance. The setup has provision to measure the pressure and discharge at various points of the system. The test setup mainly consists of three subsystems. 1. Jet pump assembly and its pipelines 2. A centrifugal pump and its pipelines 3. Instrumentation Centrifugal pump is used to provide the required supply to the primary nozzle of the jet pump. The delivery line of the centrifugal pump is connected to the primary nozzle through a valve V1 shown in Fig.1 . There is a sliding joint at the jet pump delivery line permitting the change of either nozzle or mixing tube or diffuser without disturbing the pipeline. Jet pump pipeline is provided with control elements mainly consisting of 1. Delivery valve V3 which is used to control the delivery pressure of the jet pump 2. A suction valve V1 which can be used to vary the suction pressure of the pump This control arrangement is used to obtain the non-cavitation and cavitation characteristics of the jet pump respectively.
SETUP SPECIFICATIONS
The supply pipe and suction pipe diameter are 53 mm (2"). The delivery pipe diameter is 69 mm (2.5"). The design specifications of centrifugal pump has been given as H = 15.4 m & Q = 0.004 m 3 /s. The energy supplied to the jet pump can be obtained by subtracting the frictional losses in the pipelines and the level difference.
INSTRUMENTATION
Discharge Measurement
The discharge at the supply and delivery sides of the jet pump was measured by two orifice meters of diameters 22 mm and 38 mm respectively. The discharges were calculated using the formula The coefficients of discharge were calculated according to IS 2952 Part I-(1964). The calculated coefficient of discharge values for 22 mm and 38 mm diameter orifice meters were 0.613 and 0.642 respectively. The suction side discharge was calculated from delivery side discharge (QBBB 3 ) and supply side discharge (QBBB11 1 ) using continuity equation Q 2 = Q 3 -Q 1
Static Pressure Measurement
Piezo-rings were provided at suction, supply and delivery side of the jet pump to obtain the average pressure at those points.
The static pressure at supply side (P 1 ) and delivery side (P 3 ) of the jet pump were measured by calibrated pressure gauges of range 0 to 2.5Pa and -1.0 to 1.0 Pa respectively. A U-tube mercury -water manometer of 0 to 1500 mm range (indicated as MP 2 BBB in Fig.1 ) was used to measure the pressure at the suction side (P 2 ) of the jet pump. The other limb of this manometer was connected to a reservoir with water level at the center of the pressure gauges.
EXPERIMENTAL PROCEDURE
Venting and Measuring Arrangements
Before starting the experiment, the control valve V1 (Supply pipe control Valve), V2 (suction pipe control valve) and V3 (Discharge pipe Control Valve) should be kept in full closed position. The centrifugal pump motor was started to supply the water to supply pipe which was connected to the primary nozzle. Then all the valves were opened fully. Before taking readings, venting should be done for all pressure lines, manometers and pressure gauges. For this purpose, the pressure line connections are arranged as shown in Fig .1 . The venting can be done by opening some of the valves as indicated in Table 2 . This table shows 
Performance Tests
Once venting is completed, readings were taken to determine the performance of jet pump. It should be ensured that the valves 2, 3, 6, 7, 10 and 11 should be kept open and 3-way valves in position 2 when readings are being taken.
Several sets of experiments are performed on the setup by varying the diameter of the mixing tube and gasket
In the observation table, the supply discharge readings in U-tube mercury -water manometer, the delivery discharge readings in single column mercury -water manometer, the supply and delivery side static pressures from pressure gauges P 1 BBB and P 3BBB , and the suction side pressure reading in U tube mercury -water manometer were noted .
After taking the first set of readings with V1, V2, and V3 in full open position, the delivery valve V3 was partly closed keeping primary valve V1 and suction valve V2 in full open position. For various discharge valve (V3) openings, the readings were noted.
From the observed readings, supply discharge (Q1), Delivery discharge (Q3), Supply side static pressure (PB1BB BBB ), Delivery side static pressure (P3), Suction side static pressure (PB2BB BBB ), from the reading head calculated. From these values discharge ratio (M), Head ratio (N), efficiency (η) were found out and the performance curves of the jet pump were plotted. 
EFFECT OF CHANGE OF 'S'
For each of the mixing tube, experiments were conducted for two more distances above and the one used for the first set of experiments. The spacing was increased using 2 (6 mm) gaskets for one distance and 3 (9 mm) gaskets for another distance. Table 3 gives the summery of mixing tube diameter d m , area ratio nozzle to mixing tube spacing S and the corresponding number of the figure.
In fig.4 Here as distance is increasing between the primary nozzle exit to mixing tube entrance, the performance characteristic of jet pump shows that the efficiency increases as the spacing is increased. Because the head ratio maximum at 0.33 & 0.31, discharge ratio is zero. The operating ranges of discharge ratio were from 0.3 to 0.63 & from 0.2 to 0.72. The range of head ratio obtained were from 0.3 to 0.17 and from 0.28 to 0.17 with on the range of experimental results only an increase in efficiency was noted as discharge ratio was increased.
A study of the results obtained at other area ratios indicated that the operating range is more or less the same possibility due to the limitation in the setup. At higher area ratios the efficiency curves showed a defined point of maximum efficiency. There was also a variation of maximum efficiency for a given area ratio as the spacing was increased. 
RESULTS AND DISCUSSIONS
Experimental results were obtained with water (water to water) as the working fluid.
PERFORMANCE CHARACTERISTICS
The Discharge Ratio (M), Head Ratio (N), and Efficiency (η ) were used to draw the performance curves.
The experiment was conducted first with the existing jet pump of area ratio 0.282. Same experiment was done again to check the repeatability.
Experiments were done for all other area ratios and specifications as given in the Table1 and the characteristics of the jet pump were determined. It may be mentioned here that a simple gasket of 3 mm was used while fixing the mixing tube in order to obtain the spacing between primary nozzle exits to mixing tube entrances indicated in Table1 Fig.3 is considered it may be observed that the range of discharge ratio is from 0.2 to 0.63 and head ratio is from 0.15 to 0.33.
As the area ratio is increased further, it may be observed that the head ratio at discharge ratio is equal to 0 increases to expect for the area ratios of 0.597 & 0.723. The range of discharge ratio for which readings could be obtained was between 0.15 and 0.7 in most of the cases due to the limitations of the test rig. Here as spacing is increasing there is an increase in efficiency. It means that spacing will affect the performance of water to water jet pump.
